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THE EDFECT OF ERGIEE VARIABLES OR THE PEEIGNITIOR-LnLCEED 
PSRFORI'-IAI'rCE OF THREE FUELS 
By Donald W. Male 


SUMMARY 

IreignitlorL-limited performance data f 6 r S reference fuel, 
di isobutylene, and benzene were obtained with an engine-heated hot 
spot on a supercharged CFE engine at 11 sets of engine operating 
conditions. Increases in compression ratio, spark advance, coolant 
temperature, or inlet-air temperature decreased the preignition- 
liinited indicated mean affective pressure of all three f\iels. Changes 
in the engine speed either raised or lowered tho preignition- limited 
indicated mean effective pressvire depending on the range of speed and 
the mixture strength. At nearly all of the operating conditions 
investigated, the order of the fuels according to increasing 
preignition- limited performance was the same, that is, di isobutylene, 
benzene, and S reference fuel. 


IRTRODUCTIOR 

In order to enhance the valxie of preignition data obtained on 
small-scale engines. It is desirable to know how the preignltion- 
llmited performances of several fuels vary (l) with different engine 
conditions, (2) with different types of hot spot, and (3) with engine 
design. Tlie investigations conducted on laboratory engines reported 
in references 1 to 5 deal with the fundamental relations that govern 
prelgnltion. Other experiments have been conducted with the aim of 
predicting tho preignition- limited performance of various fuel com- 
ponents in the service engine. The Shell Dll Company Wood River 
Laboratories (unpublished tests) have obtained preignition- limited 
performance data on a full-scale single-cylinder Lycoming engine; 
satisfactory preignition- limited performance tests have been con- 
ducted on a 17.6 engine by the Ethyl Corporation; preignition tests 
have been made at Cleveland on a CFR engine. 
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In the present Investigation preignition- limited performance 
data vere obtained for three fuels xuider several engine co.nditions 
attained bj’- varying individually compression ratio, spark advance, 
coolant temperature, iniet-air temperature, and engine speed. Tlie 
purpose of tb.e teats, which were conducted at the MCA Cleveland 
laboratory from August to November 1944, was to determine whether 
the three fuels exhibit preignition tendencies in the same order over 
a wide range of engine conditions and, at the same time, to indicate 
the effects of engine conditions on preignition tendencies. Because 
of the nvimber of teats Involved, the investigation was limited to 
the testing of S (S-3 and S-4) reference fuel, diiaobutylene, and 
benzene, which represent, respectively, the paraffinic, the olofinic, 
and the aromatic groups of compounds. 


ilPPARATUS Aim TEST PEOCEEfORE 


The tests were performed on a high-speed supercharged CEB engine 
coupled to a 25- horsepower, alternating- current, cradle-type Induction 
dynamometer. The engine was equipped with an aluminum piston, a 
sodium-cooled exhaust valve, and a cylinder head with four 
18-milllmeter spark-plugi holes. Data obtained at Cleveland on a sim- 
ilar setup have shown that tlie use of a shrouded intake valve 
decreases the sensitivity of hot-spot temperatures to knock for hot 
spots Installed in the same oylinder-hoad location as those in the 
subtieot teats. A 180° shrouded intake valve (position of shroud shown 
in fig. 1) was therefore installed to aid in Isolating the effects 
of preignition from the effects of Imock, A magnetostriction piclmup 
unit installed iii the top spark-plug hole was used in conjiunction with 
a enthode-ray oscilloscope to follow the changing pressure diagram 
during advancing preigniticn and to detect knock. The fuel flew was 
determined with a rotameter and the air flow was metered througli 
Dtandard orifices. All. operating temperatures were measured with 
iron-constantan thermocouples and a self -balancing potentiometer. 


In the tests presented, each of tJie engine variables listed- 
except oil temperature iras individually varied from the following 
reference engine conditions: 


Compression ratio , . , . . 

Engine speed, rpra 

Spark advance, degrees B.T.C 
Inlet-air temperatm’e,' °E . 
Coolant temperature, °F . . 
Oil temperature, °P . . . . 


. . . 7.0 

. . . 1800 

. ... 20 
• • • 

* • • 

13 S to 144 
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Tlie coolant tamparatin'e was varied by using three different coolants 
in the evaporative cooling system: water, a mixture of water and 

ethylene glycol, and ethylene glycol. 

The data were obtained with three nearly identical hot spots 
(fig. 2) designated in the data plots J-1, J-3, and J-4. Hot 
spot J-1 was used to obtain the data in figure 3 and was damaged 
before more tests were run. Hot spot J-3 was therefore used to 
obtain the data in figures 4 and 5. The engine was then overhauled 
(Oct. 18, 1£44) and a worn exhaust-valve guide replaced. This change 
apparently affected the preignitian-limited performance of the engine 
and hot spot J-4 was therefore installed to correct for the shift in 
the data indicated by testa ■'/ith S-3 reference fuel. This hot spot 
was used to complete the program. The date of each test and the hot 
spot used are Indicated on the figures. 

Tlie hot-spot design (fig. 2) provides for a short piece of 
Inconel tubing open to tbe cylinder and silver-soldered to the center 
electrode of a spark plug. The outside diameter of the tube is 
0.10 inch and the wall thickness is 0.010 inch. Experience has shoirn 
that a liot spot of this type can be used as a preignition source for 
a large nimber of engine hours without noticeable deterioration and 
wi.thout a significant cliange in the boat range of the hot spot. 
Furthermore, the hot spots oan be easily constructed and the desired 
heat range can be readily attained by adjusting the length of the 
tube. The hot spot under test was installed in tbs cylinder as indi- 
cated in figure 1. 

Under some conditions knock was encountered before preignition. 
The data taken at these conditinne were nevertheless preignition- 
limited even though light, medium, or heavy knock was encountered. 
These conouiTrently knocking preignlt ion- limited data are marked on 
the figures with a letter K. 

An attempt was made to test all three fuels -at any given set 
of engine conditions on the same day; this procedure was not always 
possible. 'When 2 days wefe req^uired to obtain the data for a given 
set of conditions, either a complete curve or check points for 
S-3 reference fuel were deteimined on each day. 


RESULTS AND DISCUSSION 

The values of preignition- limited indicated mean effective 
pressure, preignition- limited inlet-air pressure, and indicated spe- 
cific fuel consumption for S-3 reference fuel, benzene, and diiso- 
butylene obtained under the 11 sets of engine conditions are shown 
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in figures 3 to 7 as functions of percentage of stoichiometric mix- 
ture ratio. Figure 3 presents data for three compression ratios 
(5.0, 7.0; and 9.0); figure 4, data for three values of speirk advance 
(0°; 10°; and 20° B.T.C.); figure 5, data for three inlet-air temper- 
atures (150°, 225°; and 300° F); figure 6, data for three coolant 
temperatures (203°, 250°, and 368° F); and figure 7# data for three 
engine speeds (1200, 1800, and 2400 rpm). Engine conditions for all 
teats are listed in table I together with corresponding figure 
numbers . 

In figures 3(b) and 5(c) different S-3 reference-fuel curves are 
presented for benzene and diisobutylene because in these instances 
the fuels were tested on 2 days and the two S-3 reference curves did 
not coincide. 

For the range of fuel-air ratios from 90 to 145 percent of the 
stoichiometric mixture ratio, the three fuels rated in the same order 
of increasing preignition- limited indicated mean effective pressure, 
(diisobutylene, benzene, and S-3 reference fuel) for all of the engine 
conditions except with the spark timing at top center (fig. 4(a)), 
where benzene and S-3 reference fuel 2 ‘ated about equally. 

The data in figures 3 to 7 Indicate also the effects of varying 
the five engine tost variables on the preignition- limited perform- 
ance of the tlireo fuels. In order to check these trends, repeat runs 
on S-4 reference fuel are presented in figures 8 to 12, (Bocauso 
the supply of S-3 reference fuel was depleted, it was necessary to 
use S-4 reference fuel for these tests.) The tests with S— 4 refer- 
ence fuel made at the reference engine conditions are roplotted 
together in figure 13 to indicate the reproducibility of preignition- 
limited performance from day to day. The spread of the data of the 
several tests is of the same magnitude as the spread of knock- limited 
performance checks. 

In order to show' more clearly the effects of different engine 
conditions on the preignition- limited performance of the three fuels, 
cross plots of prelgnltion- limited indicated mean effective pressxnfe 
against each engine variable are presented in figures 14 to 18. The 
percentage of stoichiometrlo mixture ratio is shown parametrically 
on the figures and the lean-mixture curves are dashed for clarity. 

In each cross plot the curves for benzene and diisobutylene (from 
figs. 3 to 7) compare data from 3 dayn' engine operation while the 
curves for S-4 reference fuel (from figs. 8 to 12) compare data from 
1 da 3 '-'s operation. 
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The curres In figure 14 indicate that an increase in compres- 
sion ratio caused a decrease in the preignition- limited indicated 
mean effective pressures for the three fuels of approximately 7 "to 
12 pounds per sq^uare inch per unit change in compression ratio for 
stoichiometric mixtiores. 

Figure 15 shows that advancing the spark timing lowered the 
preignition- limited indicated mean effective pressures for the fuels 
approximately 0.5 pound to 4 pounds per square inch per degree of 
spark advance for stoichiometric mixtures. The large spread of 
values is due to the "behavior of diiso'outylene, , especially at or 
near the stoichiometric mixtirre ratio. 

An increase in the inlet-air temperature (fig. 16) lowered the 
preignitlon-llmited indicated mean effective presevire for the fuels 
approximately 0.1 to 0.5 pound per square inch per 

Figure 17 presents cross plots of coolant temperature with the 
prelgnltlon-limited indicated mean effective pressures for the three 
fuels. Because the three cooleinta used have different thermal prop- 
erties^ the effect on the preignition- limited performances of the 
fuels was not entirely due to differences in coolant temperature; 
water is known to have a higher over-all beat- transfer coefficient 
than ethylene glycol-water mixtxares. The curves indicate that an 
increase in the coolant temperature was accompanied "by a decrease in 
the preignition- limited indicated mean effective pressures for the 
three fuels. 

The data indicate that any change in engine conditions that 
increases the compression gas temperature or the hot-spot temperature 
will lower the preignltion-limited performance. For example, an 
increase in the inlet-air temperature is accompanied "by increases in 
both the compression gas temperature end the hot-spot temperature. 

In a similar manner, increases in compression ratio, spark advance, 
or coolant temperature cause the preignition- limited performance 
of a fuel to decrease as a result of increased compression gas tem- 
perature, increased hot-spot temperature, or both. 

The effect of engine speed on the preignitlon-llmited indicated 
mean effective pressures of the three fuels is shown in figure 18. 

The ctirvea are all concave upward and for the stoichiometric mixtures 
have minlmvm points between 1500 and 2100 ipm. The trends due to 
changes of engine speed that are reported herein may not be repre- 
sentative of trends for engines of different design. 
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Because the sets of engine conditions used in these tests are 
hroad in scope, the conclusion is suggested that the rating order 
of different fuels is not, in general, altered by moderate changes 
in ex^gine conditions. It must be remembered, however, that the 
three fuels tested may represent extremes of prelgnition- limited 
performance with respect to fuel composition. The task remiains of 
correlating small-scale engine data with full-scale and service- 
engine data before a valid preignition rating method can be estab- 
lished for small-scale engines. 

The experience of the KACA Cleveland laboratory has been that 
preignltion- limited peiformance is affected to a much larger extent 
by changes in engine and hot-spot design with regard to cooling than 
by changes in fuel composition. Moat fuels can bo made to proignlte 
by using a suitable hot spot, but surface ignition does not occur in 
an engine whose component parts are sufficiently cooled. The task 
of eliminating preignition difficulties in sen’-ice engines, therefore, 
will probably be accomplished by improved engine design rather tlian 
by controlled fuel composition. Compounds causing low proignition- 
limited perfonriances should, however, bo avoided in fuel manuf actiure , 


SlBfi-IAEY CF RESULTS 

The following results were obta.ined from prelgnition tests on 
three fuels •j'Tith a supercharged CFE engine under 11 sets of operating 
conditions attained by varying individually compression ratio, spark 
advance, coolant temperatizre, inlet-air temperature, and engine speed: 

1. The order of the fuels, according to increasing preignition- 
limited indicated mean effective pressvire, at nearly all operating 
conditions investigated was the same, that is, dl isobutylene, bencexie, 
and S reference fuel. 

2. Increases in compression ratio, spark advance, coolant tem- 
perature, or inlet-air temperat'ore decreased the preignition-llmited 
indicated mean ei'fectivo pressure of all three fuels. Changes in 
engine speed either raised or lowered the preignltion- limited indi- 
cated mean effective pressure depending on the range of speed and 
the mixture strength. 


Aircraft Engine Research Laboratory, 

Rational Advisory Committeo for Aeronautics, 
Cleveland, Ohio, February 5, 1945. 
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Fig. 3a 
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Fig- 3b conci 



rigur* 3. - OontlnuaA. 
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Fig. 4-a 
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Fig. 4b 
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Figure 5 , - Oontlnued. 
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Peresntage of ctolohlometrlc mixture ratio 
(b) Coolant temperature, 250° 

Figure 6. - Oontlnued. 
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, , Percentage of stoichiometric mixture ratio 

(o) Coolant temperature, F. 

Figure 6. - Concluded. 
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Fig. 7 a 




Fig. 7 b 
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Figure 7. - Continued. 





Fig. 8 


NACA TN No.: 



ri 


Percentage of atolchlonetrlo mixture ratio 

gwa 8. - Prelgnltlon-llmlted performance of S-4 reference fuel at three ooopragalon ratios, 
era engine; hot spot, J-4-; engine speed, 1800 rpm; spark advance, 20° B.T.C. ; Inlat-alr 
temperature, 2250 F; coolant tenperature, 250° r. 
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Fereentage of stoloblometrlo mixture ratio 

rigure 9» - Fwlgnltlon-lJjBlted performanoe of S-4- reference fuel with three tparh advances. 
VA engine] hot spot, J-4} oompreeslon ratio, 7.0; engine speed, 1800 rpa; Inlet-alr 
tegqserature, 2^^ F; coolant teaperature, Z5Q° F. 
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Fig. 11 
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figure 11> - Freignition-linlted perforaanee of 
W? engine; hot apet, J-4; oompreasion.ratio, 
20° B.T«0«: inlet-air tenperature, 225° f. 


3-4 referenoe fuel at three coolant tenperatures, 
7>0; engine ipeed, 1800 rpn; spark advance. 




Fig. 12 


NACA TM No . 113 



Percentage of stoichiometric mixture ratio 

Figure IS. - Prelgnltlon-llmlted performance of S-4 reference fuel at three engine speeds. 
cyR engine; hot spot. J-**; compreselon ratio, 7.0; spark advance, S0° B.T.C. • Inlet-alr 
temperature, S25® F; coolant temperature, S50® F, ' 




Fi^e 13 , - Repro4uolblllt7 of prelgnltlon-llnited Indicated mean effective presexire 
froB day to day for S-4 reference fvel at the reference engine conditions, C3TI engine* 
spotf J— 4; conpreaslon ratlo^ 7*0j engine opeed, ISOO rpmj spark advance. 20® 
Inlet-alr teaperature, 225° Fj coolant temperature, 250° P, * 
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rigupe i4, - Effect of cotapreealon ratio on the prelgnltlon-llBlted Indleatel mean effeo- 
tlTe preaaurea for dllaooutylene^ benEene^ and S*4 reference fuel* Qroaa plot fron 
figures 7 and 8.« 
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Fig . 15 
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Engine speed, rpo 

Figure 18. — Effect of engine speed on the prelgnltlon-llBlted Indicated mean effective 

P ressures for dlleobutylene, hensene, and S-4 reference fuel. Cross plot from figures 
and IS. 




